A novel aerobic, Gram-stain-negative, motile bacterium, designated strain BUT-10 T , was isolated from the sludge of a pesticide manufacturing factory in Kunshan, China. Cells were rod-shaped (0.4-0.45¾0.9-1.4 mm) and colonies were white, circular with entire edges and had a smooth surface. The strain grew at 25-37 6C, at pH 6.0-8.0 and with 0-0.5 % NaCl. Phylogenetic analysis based on 16S rRNA gene sequence comparisons revealed that strain BUT-10 T was a member of the genus Phenylobacterium, and showed highest sequence similarities to Phenylobacterium muchangponense A8 T (97.49 %), Phenylobacterium immobile DSM 1986 T (97.14 %) and Phenylobacterium lituiforme FaiI3 T (96.34 %). Major fatty acids (.5 %) were summed feature 8 (comprising C 18 : 1 v7c and/or C 18 : 1 v6c), C 16 : 0 and summed feature 3 (comprising C 16 : 1 v7c and/or C 16 : 1 v6c). The major isoprenoid quinone was ubiquinone-10. The DNA G+C content was 71.85 mol%. Strain BUT-10 T showed low DNA-DNA relatedness with P. muchangponense A8 T (15.7±2.9 %) and P. immobile DSM 1986 T (12.8±1.1 %). On the basis of the phenotypic, phylogenetic and genotypic data, strain BUT-10 T is considered to represent a novel species of the genus Phenylobacterium, for which the name Phenylobacterium kunshanense sp. nov. is proposed. The type strain is BUT-10 T (5CCTCC AB 2013085 T 5KCTC 42014 T ).
A novel aerobic, Gram-stain-negative, motile bacterium, designated strain BUT-10 T , was isolated from the sludge of a pesticide manufacturing factory in Kunshan, China. Cells were rod-shaped (0.4-0.45¾0.9-1.4 mm) and colonies were white, circular with entire edges and had a smooth surface. The strain grew at 25-37 6C, at pH 6.0-8.0 and with 0-0.5 % NaCl. Phylogenetic analysis based on 16S rRNA gene sequence comparisons revealed that strain BUT-10 T was a member of the genus Phenylobacterium, and showed highest sequence similarities to Phenylobacterium muchangponense A8 T (97.49 %), Phenylobacterium immobile DSM 1986 T (97.14 %) and Phenylobacterium lituiforme FaiI3 T (96.34 %). Major fatty acids (.5 %) were summed feature 8 (comprising C 18 : 1 v7c and/or C 18 : 1 v6c), C 16 : 0 and summed feature 3 (comprising C 16 : 1 v7c and/or C 16 : 1 v6c). The major isoprenoid quinone was ubiquinone-10. The DNA G+C content was 71.85 mol%. Strain BUT-10 T showed low DNA-DNA relatedness with P. muchangponense A8 T (15.7±2.9 %) and P. immobile DSM 1986 T (12.8±1.1 %). On the basis of the phenotypic, phylogenetic and genotypic data, strain BUT-10 T is considered to represent a novel species of the genus Phenylobacterium, for which the name Phenylobacterium kunshanense sp. nov. is proposed. The type strain is BUT-10 T (5CCTCC AB 2013085 T 5KCTC 42014 T ).
The genus Phenylobacterium was first described by Lingens et al. (1985) to accommodate several soil isolates. At that time, the genus Phenylobacterium was described as consisting of aerobic, Gram-negative, non-motile, xenobiotic-compound-degrading bacteria. Later, the description of the genus Phenylobacterium was emended. The first emendation was that the genus comprised strictly aerobic or facultatively anaerobic, motile or non-motile bacteria, and that strains may form rosettes (Kanso & Patel, 2004) . Some members of the genus Phenylobacterium were shown not to grow on L-phenylalanine (Tiago et al., 2005) . Abraham et al. (2008) made the amendment that cells of some species had prosthecae and all members of the genus contained a signature 16S rRNA gene sequence: missing nucleotides 71-87, 183-190, 206-211 and 452-476 (Escherichia coli numbering), but having 122-G, 610-G, 639-G, 823-G and 877-G (Abraham et al., 2008) . Oh & Roh (2012) made the following emendations to the description of the genus: utilization of antipyrine or chloridazon as sole carbon source, reduction of nitrate to nitrite, oxidase activity and hydrolysis of casein are species dependent. The range of DNA G+C content varies between 64.0 and 72.3 mol%. At the time of writing, the genus Phenylobacterium comprises eight recognized species: Phenylobacterium immobile (Lingens et al., 1985) , Phenylobacterium lituiforme (Kanso & Patel, 2004) , Phenylobacterium falsum (Tiago et al., 2005) , Phenylobacterium koreense (Aslam et al., 2005) , Phenylobacterium composti (Weon et al., 2008) , Phenylobacterium haematophilum (Abraham et al., 2008) , Phenylobacterium conjunctum (Abraham et al., 2008) and Phenylobacterium muchangponense (Oh & Roh, 2012) .
In this study, we report the polyphasic characterization of a Phenylobacterium-like bacterial strain, BUT-10 T , isolated from activated sludge. The results indicated that strain IP: 54.70.40.11
On: Fri, 28 Dec 2018 00:19:43 BUT-10 T could be assigned to the genus Phenylobacterium, but was clearly distinguished from species of the genus with validly published names.
Strain BUT-10 T was isolated from an activated sludge sample. The sample (pH 6.5) was collected from the wastewater treatment facility of Kunshan pesticide factory (31 u 229 58.570 N 120 u 569 31.850 E), Jiangsu province, China. The main product of this factory was the chloroacetanilide herbicides butachlor and acetochlor. The serial dilution method was used on R2A (Difco) agar plates to isolate aerobic bacteria from activated sludge. The plates were incubated at 30 u C for 3 days and a single colony, named BUT-10 T , was purified by transfer onto new plates. P. muchangponense A8 T and P. immobile DSM 1986 T , which shared highest 16S rRNA gene sequence similarities with strain BUT-10 T (see below), were used as reference strains for phenotypic characterization. Unless indicated otherwise, strains BUT-10 T and P. muchangponense A8 T were cultivated in R2A broth or on R2A agar at 30 u C. P. immobile DSM 1986 T was cultivated in or on minimal medium A broth or agar (Lingens et al., 1985) with Lphenylalanine (1.0 g l 21 ), trace elements solution and vitamin solution (Oh & Roh, 2012) .
Cell morphology and dimensions were determined by transmission electron microscopy (H-7650; Hitachi). In preparation for electron microscopy, bacterial cells were suspended in 0.85 % NaCl. Subsequently, the cells were dried on a nickel-coated mesh, negatively stained with phosphotungstic acid and examined. Flagellation was examined by transmission electron microscopy after negative staining with 1 % (w/v) phosphotungstic acid.
The motility of cells was tested by the hanging drop method (Suzuki et al., 2001) . Gram staining and the KOH lysis test were carried out according to Buck (1982) . Growth tests with L-phenylalanine (1.0 g l 21 ) and antipyrin (1.0 g l 21 ) as the sole carbon source were determined in minimal medium A (Lingens et al., 1985) with trace elements solution and vitamin solution (Oh & Roh, 2012) at 30 u C. Plates were incubated at 30 u C for 5 days. Growth was tested at 4, 10, 15, 20, 25, 28, 30, 37, 40 and 42 u C after 7 days of incubation in R2A broth. Growth at pH 5.0-10.0 (at intervals of 0.5 pH units) was assessed in R2A broth adjusted with HCl and NaOH at 30 u C for 7 days. Salt tolerance was tested in R2A broth supplemented with 0-3 % (w/v) NaCl (in increments of 0.5 %) after 7 days of incubation. Catalase activity was determined by assessing bubble production in 3.0 % (w/v) H 2 O 2 . Oxidase activity was tested by using oxidase reagent (bioMérieux) according to the manufacturer's instructions. Substrate utilization as a sole carbon source and some physiological characteristics were determined using the API 32GN, API 20E and API 20NE galleries according to the manufacturer's instructions (bioMérieux). Enzyme activity was tested by using the API ZYM system (bioMérieux). Duplicate antibiotic sensitivity tests were performed on R2A medium using the disc diffusion method (mg per disc) with: ampicillin (10), carbenicillin (100), vancomycin (30), clindamycin (2), novobiocin (30), rifampicin (5), amoxicillin (10), cefuroxime (30), cefoperazone (75), cefotaxime (30), neomycin (30), piperacillin (100), erythromycin (15), roxithromycin (15), polymyxin B (300), streptomycin (10), tetracycline (30), kanamycin (30), gentamicin (10) and chloramphenicol (5). Antibiotic sensitivity was assessed by measuring an inhibition zone of .1.0 mm after 7 days of incubation at 30 u C.
Cells of strain BUT-10 T were aerobic, Gram-stain-negative, and motile by means of a polar flagellum ( Fig. S1 , available in the online Supplementary Material). Colonies on R2A agar were white, convex, round and non-transparent. The strain grew in the presence of 0-0.5 % (w/v) NaCl, at 25-37 u C (optimum 28-30 u C) and at pH 6.0-8.0 (optimum pH 7.0). Detailed morphological, physiological and biochemical characteristics of strain BUT-10 T are summarized in the species description and in Table 1 . Phenotypically, strain BUT-10 T , P. muchangponense A8 T and P. immobile DSM 1986 T were similar. However, strain BUT-10 T could be distinguished from P. muchangponense A8 T and P. immobile DSM 1986 T on the basis of the presence of a single polar flagellum, nitrate reduction, hydrolysis of aesculin, and assimilation of propionate, L-serine and 4hydroxybenzoate (Table 1) .
Genomic DNA was extracted according to standard procedures (Sambrook & Russell, 2001) . Amplification of the 16S rRNA gene was performed with the primers 27F (59-GAGTTTGATCMTGGCTCAG-39) and 1492R (59-ACGGYTACCTTGTTACGACTT-39) (Lane, 1991) . PCR amplification of the 16S rRNA gene sequence was performed as described by Cui et al. (2001) . Levels of sequence similarity were calculated by using a global alignment algorithm, implemented at the EzTaxon server (http:// eztaxon-e.ezbiocloud.net/ezt_identify; Kim et al., 2012) . A phylogenetic tree was reconstructed by using the MEGA version 4.0 software package (Tamura et al., 2007) after multiple alignments of the sequence data by CLUSTAL X (Thompson et al., 1997) . The corrected evolutionary distance was calculated according to Kimura's two-parameter model (Kimura, 1983) and clustering was based on the neighbour-joining (Saitou & Nei, 1987) and maximumlikelihood (Felsenstein, 1981) methods. Bootstrap analysis was used to evaluate the tree topology by performing 1000 resamplings (Felsenstein, 1985) .
The almost-complete 16S rRNA gene sequence (1441 nt) of strain BUT-10 T was obtained. In the neighbour-joining tree (Fig. 1) , strain BUT-10 T fell within the evolutionary radiation occupied by the genus Phenylobacterium with high bootstrap values and branched together with P. muchangponense A8 T and P. immobile DSM 1986 T . The maximum-likelihood tree showed a similar topology (Fig. S2) Table 1 . Differential characteristics between strain BUT-10 T and phylogenetically related species of the genus Phenylobacterium Strains: 1, BUT-10 T (data from this study); 2, P. muchangponense A8 T (Oh & Roh, 2012) ; 3, P. immobile DSM 1986 T (Oh & Roh, 2012) ; 4, P. lituiforme FaiI3 T (Kanso & Patel, 2004) ; 5, P. composti 4T-6 T (Weon et al., 2008) ; 6, P. koreense Slu-01 T (Aslam et al., 2005) ; 7, P. falsum AC-49 T (Tiago et al., 2005) ; 8, P. conjunctum FWC 21 T (Abraham et al., 2008) ; 9, P. haematophilum CCUG 26751 T (Abraham et al., 2008) . None of the strains was able to use mannitol, salicin, melibiose, L-fucose, D-sorbitol, citrate, rhamnose, D-ribose, inositol, itaconate, 5-ketogluconate, 3-hydroxybenzoate, Dmannose or phenylacetic acid. All strains were negative for indole production, production of acid from glucose, arginine dihydrolase, urease and hydrolysis of gelatin. +, Positive; (+), weakly positive; 2, negative; ND, not determined. . Sequence alignment analysis also indicated that strain BUT-10 T has G at position 359, whereas the type strains of recognized species of the genus Phenylobacterium have A at position 359.
The fatty acid profiles of strain BUT-10 T and the type strains of related species of the genus Phenylobacterium were determined using the Microbial Identification System (MIDI Corporation) according to the manufacturer's instructions, as described by Sasser (1990) . Strain BUT-10 T and P. muchangponense A8 T were cultured in R2A broth at 30 u C for 3 days until they reached the exponential phase and cells were harvested. Strain P. immobile DSM 1986 T was cultured on minimal medium A (Lingens et al., 1985) with L-phenylalanine (1.0 g l 21 ), trace elements solution and vitamin solution (Oh & Roh, 2012) at 30 u C for 3 days until they reached the exponential phase and cells were harvested. The fatty acid methyl esters were obtained from cells by saponification, methylation and extraction, and separated in a gas chromatograph (Agilent 6890N). Peaks were automatically integrated and fatty acid names and percentages were determined using the MIDI Sherlock MIS system (library TSBA6; version 6.0B) (Sasser, 1990) .
The fatty acid profile of strain BUT-10 T is shown in Table  S1 . The main cellular fatty acids of strain BUT-10 T were summed feature 8 (comprising C 18 : 1 v7c and/or C 18 : 1 v6c; 62.55 %), C 16 : 0 (8.55 %) and summed feature 3 (comprising C 16 : 1 v7c and/or C 16 : 1 v6c; 5.08 %). This fatty acid profile was similar to those of species of the genus Phenylobacterium. However, there were differences between strain BUT-10 T and its phylogenetically closest relatives. Compared with P. muchangponense A8 T and P. immobile DSM 1986 T , strain BUT-10 T possessed relatively small amounts of C 16 : 0 , C 12 : 0 and C 12 : 0 3-OH, and large amounts of summed feature 8. C 19 : 0 cyclo v8c and C 20 : 0 were present in P. muchangponense A8 T and P. immobile DSM 1986 T but not in strain BUT-10 T . Iso-C 15 : 0 was present in strain BUT-10 T but not in P. muchangponense A8 T or P. immobile DSM 1986 T .
Respiratory quinones were extracted from lyophilized cells and the extracts were purified and analysed by HPLC according to the method of Collins (1985) . The DNA G+C content was determined by reversed-phase HPLC according to Mesbah & Whitman (1989) . Polar lipid analyses of strain BUT-10 T were carried out by the Identification Service of the DSMZ as described by Tindall (1990) .
The predominant respiratory quinone of strain BUT-10 T was ubiquinone-10 (Q-10), which is consistent with members of the genus Phenylobacterium. The DNA G+C content of strain BUT-10 T was 71.85 mol%, which was in the range of values reported for recognized species of the genus Phenylobacterium (64.0-72.3 mol%) (Oh & Roh, 2012) . The polar lipid profile of strain BUT-10 T comprised an unknown lipid (L1), unknown glycolipids (GL1-3), phosphatidylglycerol (PG), a phosphoglyolipid (PGL) and phospholipid (PL) (Fig. S3) , which was basically similar to that of P. muchangponense A8 T . These data again indicate that strain BUT-10 T is a member of the genus Phenylobacterium. Noticeably, however, the presence of phosphoglyolipid (PGL) and phospholipid (PL) clearly differentiated strain BUT-10 T from P. muchangponense A8 T .
The taxonomic relationship between strain BUT-10 T and P. muchangponense A8 T and P. immobile DSM 1986 T was examined using DNA-DNA hybridization. DNA-DNA hybridization was performed according to the instruction of the DIG High Prime DNA Labelling and Detection Starter kit I, using digoxin-labelled DNA probes and nitrocellulose (Ezaki et al., 1989) . Hybridization was performed with three replications for each sample, and the means (±SD) of the three values were quoted as the DNA-DNA relatedness values. The separate species status of strain BUT-10 T was demonstrated by the DNA-DNA hybridization values with P. muchangponense A8 T (15.7± 2.9 % relatedness) and P. immobile DSM 1986 T (12.8± 1.1 %). The hybridization values were below 70 %, the recommended cut-off limit for the definition of a novel bacterial species (Wayne et al., 1987) . Based on the above DNA-DNA relatedness data, strain BUT-10 T warranted separate species status in the genus Phenylobacterium.
Phylogenetic analysis and chemotaxonomic characteristics (major fatty acids, predominant respiratory quinone, DNA G+C content) unequivocally supported the placement of strain BUT-10 T within the genus Phenylobacterium. However, differences in phenotypic characteristics between strain BUT-10 T and P. muchangponense A8 T and P. immobile DSM 1986 T suggested that strain BUT-10 T could be differentiated from recognized species of the genus Phenylobacterium. Therefore, morphological, physiological and chemotaxonomic characteristics together with DNA-DNA hybridization results support the suggestion that strain BUT-10 T represents a novel species of the genus Phenylobacterium, for which the name Phenylobacterium kunshanense sp. nov. is proposed.
Description of Phenylobacterium kunshanense sp. nov.
Phenylobacterium kunshanense (kun.shan.en9se. N.L. neut. n. kunshanense of or pertaining to Kunshan city, Jiangsu province, China, from where the type strain was isolated).
Cells are Gram-negative, aerobic rods that are motile by means of a polar flagellum (Fig. S1) , and approximately 0.4-0.45 mm in diameter and 0.9-1.4 mm in length. Oxidaseand catalase-positive. Colonies on R2A medium are white, convex, round and non-transparent. The temperature range for growth is 25-37 u C, with an optimum temperature of 28-30 u C. The pH growth range is between pH 6.0 and 8.0, with an optimum of pH 7.0. Growth occurs only in the presence of 0-0.5 % (w/v) NaCl. Hydrolyses aesculin but not urea, casein, starch, Tween 80, agar, gelatin or DNA. Nitrate reduction is positive. Indole, H 2 S and acids from D-glucose are not produced. Utilizes 3-hydroxybutyrate, 4-hydroxybenzoate, 5-ketogluconate, adipate, propionate, L-proline, suberate, glycogen and salicin; weakly utilizes 2-ketogluconate, potassium gluconate and antipyrine; but does not utilize glycerinum, erythritol, D-arabinose, L-arabinose, Dribose, D-xylose, L-xylose, D-adonitol, methyl b-D-xylopyranoside, D-galactose, D-glucose, D-fructose, D-mannose, L-sorbose, L-rhamnose, dulcitol, inositol, mannitol, sorbitol, methyl a-D-mannopyranoside, methyl a-D-glucopyranoside, acetylglucosamine, amygdalin, cellobiose, salicin, maltose, lactose, melibiose, trehalose, inulin, melezitose, raffinose, xylitol, D-gentiobiose, D-lyxose, D-tagatose, D-fucose, Lfucose, D-arabitol, L-arbaitol, 3-hydroxybenzoate, N-acetylglucosamine, malate, valerate, phenylacetic acid, caprate, citrate, L-histidine, L-serine, sucrose, itaconate, malonate, acetate, L-alanine, DL-lactate or L-phenylalanine. Resistant to carbenicillin, ampicillin, clindamycin, rifampicin, amoxicillin and roxithromycin, but sensitive to vancomycin, novobiocin, cefuroxime, cefoperazone, cefotaxime, neomycin, piperacillin, erythromycin, polymyxin B, streptomycin, tetracycline, kanamycin, gentamicin and chloramphenicol. Positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, a-glucosidase, b-glucosidase, trypsin, N-acetylglucosaminidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase, but negative for lipase (C14), cystine arylamidase, a-chymotrypsin, agalactosidase, b-galactosidase, b-glucuronidase, a-mannosidase and a-fucosidase. Predominant ubiquinone is Q-10. The major polar lipids are an unknown lipid, glycolipids, phospholipid, phosphatidylglycerol and phosphoglycolipid. Major fatty acids are summed feature 8 (comprising C 18 : 1 v7c and/or C 18 : 1 v6c), C 16 : 0 and summed feature 3 (comprising C 16 : 1 v7c and/or C 16 : 1 v6c).
The type strain, BUT-10 T (5CCTCC AB 2013085 T 5KCTC 42014 T ), was isolated from activated sludge collected from the wastewater treatment facility at Kunshan pesticide factory, Jiangsu province, China. The DNA G+C content of the type strain is 71.85 mol%.
